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Abstract: VHE observations of the distant (z=0.186) blazar 1ES 1101-232 with H.E.S.S. are used to
constrain the extragalactic background light (EBL) in the optical to near infrared band. As the EBL traces
the galaxy formation history of the universe, galaxy evolution models can be tested with the data. In
order to measure the EBL absorption effect on a blazar spectrum, we assume that usual constraints on
the hardness of the intrinsic blazar spectrum are not violated. We present an update of the VHE spectrum
obtained with H.E.S.S. and the multifrequency data that were taken simultaneously with the H.E.S.S.
measurements. The data verify that the broadband characteristics of 1ES 1101-232 are similar to those of
other, more nearby blazars, and strengthen the assumptions that were used to derive the EBL upper limit.

Introduction

The detection of VHE emission from 1ES 1101-
232 with the H.E.S.S. Cherenkov telescopes has
attracted particular attention for two reasons: The
object has been the farthest detected VHE blazar
with confirmed redshift (z=0.186), and at the same
time it has exhibited a hard spectrum, with a pho-
ton index of Γ ≈ 2.9 between 0.2 and 4 TeV. Both
facts taken together allowed to place a limit on
the density of the extragalactic background light
(EBL) in the near-infrared band: under the as-
sumption of a normal-behaved intrinsic emission
spectrum of 1ES 1101-232, the energy density of
the EBL at 1.5 µm has to be at or below νFν =
14nWm−2sr−1 [1].
Here we present an update of the VHE spectrum
and broadband data that were taken simultaneously
to the H.E.S.S. data. We show that the hard γ-ray
spectrum of 1ES 1101-232 is close to the border-
line of what is possible to model using standard

one-zone blazar emission scenarios. On the other
hand, from the broadband data there is no evidence
that the emission characteristics of 1ES 1101-232
are not in agreement with those of the remaining
class of VHE blazars. A detailed description of the
results can also be found in [2].

H.E.S.S. data and EBL limit

Fig. 1 shows the spectrum of 1ES 1101-232, de-
rived from the total H.E.S.S. data set of the years
2004 and 2005. Compared to the analysis results
used in [1], an improved energy calibration of the
telescope system was applied to the data [5]. For
the given total data sample, this energy scale recal-
ibration yields a safe energy threshold of 225 GeV
(compared to 165 GeV used in [1]) and a flux nor-
malisation increase of 27% at 1 TeV. After this cor-
rection, the systematic flux uncertainty is now es-
timated as 20% [5]. Reconstructed spectral indices
were not affected significantly by these calibration
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Figure 1: Left panel: VHE γ-ray spectrum of 1ES 1101-232, from the total H.E.S.S data set of the years
2004 and 2005, in νFν-representation. The red, open circles denote the reconstructed flux as measured
with H.E.S.S. The spectrum after correction for maximum EBL absorption with 14 nWm−2sr−1 at 1.5 µm
is shown with blue, filled circles. Upper limits in the deabsorbed spectrum above 7 TeV are shown as open
symbols only, because of strong EBL uncertainties at these high energies. The solid lines denote power-law
fits between 0.2 and 4 TeV to the measured and deabsorbed spectra. The dahed line indicates the effect if
the EBL level used for deabsorption would be lowered to 10 nWm−2sr−1 at 1.5 µm. Right panel: X-ray
spectra from observations taken simultaneously with the H.E.S.S. June 2004 (XMM-Newton) and March
2005 (RXTE) data.

livetime Γabs Γdeabs,max Γdeabs,min

EBL shape used for deabsorption P0.45 P0.34
present day EBL shape P0.55 P0.40
present day νFν(1.5 µm) 14 nWm−2sr−1 10 nWm−2sr−1

fit energy range 0.23–4.0TeV 0.23–4.0 TeV 0.23–4.0TeV
All Data 42.7 hrs 2.94+0.20

−0.21 1.51+0.17
−0.19 1.85+0.18

−0.19

March 2005 31.6 hrs 2.94+0.21
−0.23 1.49+0.19

−0.20 1.84+0.20
−0.21

June 2004 8.4 hrs 3.16+0.48
−0.61 1.70+0.47

−0.61 2.05+0.47
−0.61

Table 1: Photon indices from power-law fits to the VHE spectra of 1ES 1101-232. Γabs are from fits to the
measured spectra. Γdeabs,max are from fits to the deabsorbed spectra using the EBL shape P0.45, corre-
sponding to the maximum EBL level with the present day shape P0.55 (νFν(1.5 µm) = 14 nWm−2sr−1)
after scaling down by 15% to take galaxy evolution effects into account. Γdeabs,min represents the result
if the EBL level is lowered to νFν(1.5 µm) = 10 nWm−2sr−1, at the level of the EBL lower limit from
galaxy counts. Γabs and Γdeabs,max correspond to the fits shown as solid lines in Fig. 1, the fit corresponding
to Γdeabs,min is shown as dashed line.
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updates, the systematic error estimate for recon-
structed photon indices is ∆Γsys ∼ 0.1 [1, 5].
Lacking the intrinsic blazar spectrum, one can as-
sume a power-law type intrinsic spectrum with
Γdeabs and a typical EBL model around 1.5 µm.
Then EBL absorption simply leads to a soften-
ing of the VHE spectrum above ∼ 100GeV of
∆Γ = Γabs − Γdeabs, where Γabs is the photon
index of the measured spectrum. Using a template
EBL spectrum “P ” and scaling it with a factor p
results in the relation ∆p = 0.34∆Γ [1].
The EBL has a lower limit from galaxy counts
[3], with about 10 nWm−2sr−1 at 1.5 µm, corre-
sponding to P0.40 using the scaled EBL scheme.
Already with this smallest possible deabsorption,
the VHE spectrum of 1ES 1101-232 is harder than
Γdeabs = 2 (see dashed line in Fig. 1), i.e. the in-
trinsic VHE power output peak of the source is
above ∼ 3TeV for any EBL level.
The intrinsic spectrum of VHE blazars is expected
to be not harder than 1.5, i.e. Γdeabs ≥ 1.5, tak-
ing the present observational and theoretical know-
ledge of VHE blazar spectra into account [1].
This translates into an upper limit of the EBL of
P0.55. This maximum EBL has 14 nWm−2sr−1

at 1.5 µm. This limit is identical (within 1%) using
either the spectrum used in [1], with Γabs = 2.88
between 0.16 - 3.3 TeV, or the recalibrated spec-
trum with Γabs = 2.94 between 0.23 - 4.0 TeV. We
note that the limit at 1.5 µm is quite insensitive to
the choice of the EBL parametrisation, see [1], [4].
This EBL upper limit is in conflict with models
such as the “fast evolution” model by [6] and the
“best fit” model by [7], with an EBL density of
about νFν(1.5 µm) ' 20 nWm−2sr−1. Such high
EBL levels would lead to an intrinsic spectrum of
1ES 1101-232 with Γdeabs ∼ 1. Such a Γ would
isolate 1ES 1101-232 in the class of VHE blazars.

Broadband data and SED

Here we present truly simultaneous SEDs of
1ES 1101-232. The data show no indication for
a Γ∼1 -type spectrum in the synchrotron branch.
2004 H.E.S.S. observations were made in April
and June (4 nights each). On June 8, 2004, XMM-
Newton X-ray and optical monitor data were ob-
tained. In March 2005, H.E.S.S., RXTE X-ray, and

ROTSE 3c optical data were taken simultaneously
during 11 nights. The H.E.S.S. data did not re-
veal variability on any time scale. Also, the XMM-
Newton data showed a constant flux. The nightly
averaged light curve of the RXTE data showed
mild variations of 15% (min-max), optical varia-
tions were below 10%. We note that the two X-ray
spectra obtained in the two different years are quite
different, see right panel of Fig. 1.
We therefore constructed two simultaneous SEDs,
one for March 2005 and one for June 2004, see
Fig. 2. The SED was modeled using a time-
independent SSC model [8], with a one-zone ho-
mogeneous, spherical emitting region and a homo-
geneous magnetic field which propagates towards
the observer. The high-energy electron distribution
was modeled with a broken power law, with parti-
cle energy index p1 between Lorentz factors γmin

and γb, and p2 between γb and γmax. Thin lines
correspond to models with p1 = 2 as expected
from an uncooled, shock-accelerated particle dis-
tribution. Thick lines are models with p1 ' 1.5,
for instance from particle acceleration at strong
shocks in a relativistic gas.
The p1=2 -models nicely reproduce the X-ray and
optical data, but fail to fit the 2005 H.E.S.S. data.
The p1=1.5 -model can marginally fit the 2005
H.E.S.S. data. An improved fit could be obtained
if the EBL was below νFν = 14 nWm−2sr−1.
Adopting the p1'1.5 -models, one has to attribute
the optical emission to a different emission zone
(not modeled in Fig. 2), which is viable because of
the lack of correlated variability arguments.

Conclusions

The VHE SED of 1ES 1101-232 peaks above
3 TeV. Nevertheless, a standard emission scenario
can be used to essentially explain the broadband
data of 1ES 1101-232, if the EBL used to deab-
sorb the VHE data is at or below νFν(1.5 µm) =
14 nWm−2sr−1. H.E.S.S. observations of other
distant VHE blazars (H 2356-309, 1ES 0347-121)
confirm the low EBL level as deduced from the
1ES 1101-232 H.E.S.S. spectrum. The general
“hardness” of the spectra of distant VHE blazars
might be explained through the better VHE de-
tectability of hard-spectrum sources.
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Figure 2: Spectral energy distribution of 1ES 1101-232. Upper panel: Data from March 5-16, 2005. In
the VHE band, the measured H.E.S.S. spectrum (red, open symbols) and the deabsorbed spectrum using a
maximum EBL level of 14 nWm−2sr−1 at 1.5 µm are shown. The thick dashed line is a power-law fit to
the deabsorbed data as plotted, while the thin dashed line indicates the effect if the EBL is lowered to the
minimum level of 10 nWm−2sr−1. X-ray data are from RXTE. In the optical band, an upper limit (filled
triangle) and a tentative lower limit (open triangle) from ROTSE 3c data are shown. Lower panel: Data
from June 2004. In the VHE band, H.E.S.S. data taken between June 5-10, 2004, are shown. X-ray and
optical data were derived from an XMM-Newton pointing on June 8, 2004.
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